Charge transfer in green fluorescent protein.
Charge transfer reactions that contribute to the photoreactions of the wild type green fluorescent protein (GFP) do not occur in the isolated p-hydroxybenzylidene-imidazolidinone chromophore, demonstrating the role of the protein environment. The high quantum efficiency of the fluorescence photocycle that includes excited state proton transfer and the suppression of non-radiative pathways by the protein environment have been correlated with structural dynamics in the chromophore environment. A low quantum efficiency competing phototransformation reaction of GFP is accompanied by both proton and electron transfer, and closely mimics the charge redistribution that is occurring in the fluorescence photocycle. The protein response to this destabilising event has been demonstrated by cryo-trapping of early products in the reaction pathway and is found to be strong even at 100 K, including displacements of chromophore, protein, solvent and a photogenerated CO2 molecule derived from the decarboxylated Glu 222 side chain. We discuss the ramifications of the observation of strong conformational perturbations below the protein dynamical transition at approximately 200 K, in view of low temperature work on other light sensitive proteins such as myoglobin and bacteriorhodopsin. The proton and electron transfer in the phototransformation pathway mimics the proton and charge transfer which occurs during the fluorescence cycle, which leads to common structural responses in both photoreactions as shown by ultrafast spectroscopy. We review and discuss literature on light-induced and thermal charge transfer events, focusing on recent findings addressing conformational dynamics and implications for thermodynamic properties.